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U.  S-.  BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM 

Block    Italic    Transliteration 
A   a A a A,  a 
B   6 B 6 B, b 
B   • B • V,  v 
r r r $ 0*  g 
A   i n d D,  d 
E   • B • Ye, ye; E ,  e* 
M   m M M Zh,  zh , 
3   i 3 t Z,   z 
H     M H U I.  i 
R   « a a Y, y 
K   x K K K,   k 
Jl    n Jl * L,   1 
M     M M M M, m 
H     N H H N,  n 
0   e 0 0 0,  o 
n   n n n Pt  P 

Block Italic Transliteration 
P   P P P R,  r 
C   c C e S,  s 
T     T T m T,  t 
y y y y U,  u 
* * * * F,  f 
X   x X X Kh, kh 
U   u u V Ts,  ts 
H   i V V Ch, ch 
UI    tu w UI Sh,  sh 
1U   ui UI Mf Shch,   shch 
*   * z> \ n 
hi    u hi y Y, y 
b   fc b I 
8     • 9 f E,   e 
10    » K> 10 Yu, yu 
A    x X M Ya, ya 

* ye initially,  after vowels,  and after T>,   b» £ elsewhere. 
wTTen written as 6 in Russian,  transliterate as ye* or Ö. 
The use of diacritical marks is preferred,  but such marks 
may be omitted when expediency dictates. 
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FOLLOWING ARE THE CORRESPONDING RUSSIAN AND ENGLISH 

DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS 

Russian English 

sin sin 
cos cos 
tg tan 
etg cot 
see see 
cossc esc 

sb sinh 
eh cosh 
tb tanh 
cth eoth 
sen sech 
csch csch 

arc sin sin-1 

arc cos cos"1 

arc tg tan"1 

arc ctg cot"1 

arc sec sec"1 

arc cosec CSC"1 

arc sb sinh"1 

arc ch cosh"1 

are th tanh"1 

are cth coth"1 

arc sen sech"1 

arc each csch*"1 

ret curl 
lg log 

ii 

~T 



GREEK ALPHABET 

Alpha A a « Nu N V 

Beta ß ß XI K t 
Gamma r Y Omleron 0 0 

Delta A 6 Pi n TT 

Epsilon E e c Rho p P f 

Zeta Z C Sigma i 0 < 

Eta H n Tau T T 

Theta 0 e *  - Upsilon T U 

Iota I I Phi * 9 4» 

Kappa K H K    » Chi X X 
Lambda A X Psi ¥ • 
Mu M u Omega Q 0) 

iii 

"n 



0.9-14-74 PAGE 

O 

.5tin.1 ffrr fnnF  <n?n 

_.HH   e»hr7Unn?fl?6   /   a^ronivp   i    v*rvv    1972   nn75*-7Sft   /   tinr-la«   Qsvirf :ov 
 • 

jrn .   p .»femtti 

ftllil"JL' LJl,t- 

7a.     P.       So.Mni4scM. 

T.   V.   Hulina- • 

V.   ?.   Boldyr*v. 

Th3  nechanisn  of  th3  lo«r-temperature  thermal decomposition of   amaoniui 
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Tt   is  Vnown   that   in   the   course  of   the   thermal   decomposition   gf 

the crystals of  ammonium  perchlorate at  low  temperatures occurs the 

formation and   ^nprnnp   nf  «nUii ^nw. f-1 •   ?]•     For  the understanding  ^ 

TTT «^TT^TtT the  mechanisa  of  decomposition^NH4Cjfc$4  it  is necessary  to know,   which 

~*k Stages  of   Proems   ut»  connected   with   nucleation.   and   which   r.   w4*Hr ^ 

ftrcwolh ^^  ^^  _  

It is Possible to consider at present established that at low 

temperatures the thermal decomposition of ammonium perchlorate 

[ '>¥<ic proton mechanism, in primary stage occurs thp nroc*»s5 

of the dissociation of salt^to ammonia and -il,7rnny-n acid«  The 

£otcpi«-<L- 
subsequent cour.ie of thermolysis is -luimul with the oxidation of 

• p^i'tiur^ rthVfrTKL,   Q-C >cL 
ammonia  by  the $&&y products of rhlnrinr  fcostefcy- [ 3-6 ],     The  ma-jority 

of «fcft*» author;  ttor assume that  the  processes of  formation  and 

^roM^-tv* cJ: VNHCV^'I 
! 

Stages  Of   rftflStJQnt Accordinn   to   another   point   of   view    i^v^lnv. 

 „ioosjTvi UAs«  
Koroban;   Rosser,  kyztttmi,   \fcry«)   along  with  the course of  the  indicated 

reactions iurim  thermal   d^composition\NK^ClQ.  occurs also th< 

formation of  substances,  capable of entering -tim interaction  with 



I 

09-14-74 

O 
PAGE 

+K«. 
a-BiMf»nia   or   «oli*.   Ammonium   pgr^hloratP   [7r   ft-), Tn   this   raiSP iTIV 

tuciBiag Tff  tha ca n\a^al3of without  the course  of  the stage 

nf ftiaaocJlaJU on- 

Wa  have  made the  atmumplioTT  that  the nucleation  occurs  as  a 

result   of   frhP   rniiMa   nf   t.h*   priaary   stage  of   the   dissociation   of   sail 

AnA ±fe* <^x fiiiLÜ5_ £Z. DMALSJ  
and   subsequent  secondary   reactions,  hat -a* -inmuahw asa  the is 

caused  by   the   ovidation-rgdiiction   reactions of   tho  active   nti.ti?-.^ 

\z£* na   fey vi> r*&-te<l 
(HC104  and  the  oxifles  of   calorine),   c^gpnimyiiahchiliuayti   in  the  cours 

.«*.presset   prvpo'-»eft&n*. 
of   process.      For   the   check   of   the "ä^ZSa^j^T^asstu died   the  effect   ac   a 

number of  factors  on  the   processes  of  formation  and -w*er©*se i=n   th, 

aria BSL 

>^tri ^ 
In   work  used -j*ws?*p^ry3taljr^NH4ClO%,   obtained  by  the 

of   th?   aquoous   solution   of   salt   of  -hrrHui  "chemically 

 i^Pfn» 
pure" at km mint a By temperature.  The* investigated crystal was placed 

v«J 
^ln^p^ min-ftT^irt  intA qpppi^i ftirnacp  and   in   t hp rrnnrse  nf   rp-irtiir 

was taken  photograph,     Tampcrature  was not  more  than  235° C* 

Arrror-Hnq   to   frh-»    nhfriinnri   no jati vP^T>m«^?ft   »ho   f -r>   of   thfe. 

    cwcAcuV      - -< - totre^)  
appearance of  the  first  uabryo   (induction  period) ,ybälculated   the 
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rates of formation and inoro.ir.Q in the ^afaC» aa*. 

For the solution to the assigned task was used the method of 

^tfiLUMTriY3!. During introduction to crystal NH1C1Q1 th» addijLiaas "f 

A-< toL* \ »cf\a-l 
bivalent cations occurs the formation of s**ppio«©»tare:-Y cation 

vacancies- 

Page 7S7t 

In this casp because of the presence in the crystals of proton 

conductivity [9] ani of the possibility of the transmission of proton 

to significant dist vices [S] will be increased the rate of tho oromss 

of lissociation.  The additions of bivalent anions must increase the 

nunbar of anionic vacancies, cowdue* to diminution in th; gnan»itv of 

being present in crystal cation vacancies and to the slow down of the 

rate of «Uss^cUtionv VUClfl« •*«*y4t 

If   the  stage  of   iissociation  is responsible  for  formation   and 

fcffin-naf.V-X*  bh> -Mfeftfoft.   th^n   bivalent   additions   must   affnct   th.»   rtto 

of   both  processes.     But   if  dissociation  does  not   play  the  .significant 
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O 
role   in   the   eoursa   nf   ^JHfppi-n   i n   the #ihryn«if   then   the   Ifldlfialad 

additions will affect only  the rate of their growth.     In  this cast 

cat inn flfldit.ians will  insrpftfre ratp. of mifllni   forming,   find ^n-innic - 

decrease. 

It was, ftstahll^httfl that,  the 4at H mm tyrby ions Cu nn.1  SrJl 

rufcO^g-«*-^ »s^ flb*v*» 
increases rate of  nusloi  foraiag, H>»%- by  ions  Cr20T - "it. decreases. 

ID   this  casq   additions   Cifand   Sr^do   not   effect   the   rate  of   tjrowt>   of 

ttmifeie v- 
uituyut»*     Addition  Cr207   increases  the  rate  of  growth,   which  can   lv 

caused by Lhs catalytic influence, of ths jftnerafiw during taactloii 
1  Aopt<\ci 

oxides of chronium.     Thus,   by   the method  of dopiroVaniya   it is  shown 

that   the   dissociation   does   not   play   the   significant   role   in   the   COM ran 

 ±hi ftrtrv^±r\ cJL r>uc\ci nVstftr^  
of   *n—vnrrmi*  in   the  embryos  with thermolysis [10,   11].     If   the  »ado 

CaaaJjlSiaH   jw^^iMry    then    the   anünonia,    introduced    into   reaction    v*»«; •;••'! 

must   differently  affect  formation and 
tfcC c \J2L —IZK-Cs rVV, JTWtfiie-i. 

i,n  the  ambryan.     It 

»wacnhorip    proccura    th^HlTfllf    f""l I»    •f    annnniiim    porrh1,->ra»o(    WJU-CJi 

takes   place  by   proton  mechanism,   is  proportional  to  the equilibrium 

pressure   of   the   v^pnrt;   of   perrrhliric   acid   f 12 "]>      Therefore   r>n g   :^:ioiiH 

 .   .-r\*OtAA.\ttä !  
expect the linear dependence of the rate of »fntaal U»u ot  tab&ama  on 
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the partial gquil ihriiin pressure of perchloric acid in syston.  Tf f^P 

_-ik- 
developed point of view about -* difference in the mechanises of 

formation and growth is arcuntt»f then this depondenco miat. no» L 

X*UCi&4  
observed   for the  rite of growth of •eaibcyon.     The obtained  results 

confirned   MIWIBUM'iin  about  the fact  that  the dissociation  of  .^alt   was 

Inuclt-t 
important only for nucleation,   and was not essential for thesp-^rovth 

Actually,   the, rate  of rfomut i i,jn-^£-Tf»Bhcvns decreases  in  proportion  to 

a.cccrtAtQCj jg ~HX*_3 
an  increase  in  the  partial  pressure  of ammonia—4^nyperbolic  law,  and 

th* rat? of growth ^-^artfrgflTT  Th? rat* of " 

l'.T\ cr.ftai.fcS.. 
linearly afeoats up in proportion to the increase in the partial 

pressure of perchloric acid in system flO"). ±bo  calculated >y^ Known 

egjllibrium constant of the process of the dissociation of salt Ml], 

Thus, it is e^ti'iUshed. that the mechanisms Qf formation acJL 

^C.eVv^W-C'ji. ClMbCjg \  _M_ 
werms1.!  in  tha -frflhryoa ars  different.    On this  testify -fcfre also -H^-e, 

discovered by ua 'Ufferenc^s in the actirat ion energy nf thrse 

processes   (activation energy of formation is equal  to 50  kcal/aol«. 

.thQ activation onerjy of qrovth 3Q Kcal/mol?). Consequently» ilia 

prosass of nucieation is caused by the course of the reaction of 
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/liggftriaHnn   and   «gnhsaqnpn*   s^rnn^ry   reaction's,   :**»»   »ho   proc«*.^   of 

growth is connected in essence with the secondary reactions, in the 

CQJt£&£   Qf   which   asaJICa   tiyS   rpgpnprAtinn   nf   fhP   products,,    which 

facilitate the oxidation of solid salt. 

tlSL,   which confirms the expressed point of viovr   ir. al^-i »v-> 

« ,-. * «at l_ « propondMidin.1 J cf a no   in  the OiiiLn yaw  stats- emergence ** 

thermolysis   ;>f  the  annnoni urn   salts,   formed  hy  aciri-oxiti i z?r.s   (NH^103, 

NHABr03f   NH4I03),   and the  absence  of on   in^r the embryo  with- 

the   thermolysis  of   the   saltsr   formed   by   the   acids,   not   capahl^  of 

oxidizing  ammonia   (NHAC1,   NH4HC03)   [10,   11].     Assumption about  th? 

fan»    »hat-    in    pXOJIfiLSJ -ULS   dpvpl opmont;     nf   rpartinn   7nno   -»ferr   cH rjni f i r*n t 

*& : 
role play the generat«*? in reaction oxides of chlorine is confirmed 

hy   »hP   far»    of   fha   ^r;alpraHnn   of    nnrle^Hnn    in    »ho   rrygtalc;    of 

ammonium   perchlorate^vTexpose^ 
^ -Ctrt- 

in   tite  atmosphere   - o$ 

^Yqxtde« 
,1...,,.V it^py   nf   rhlorina   ..   nna   r%f   rpartinn    g*c;o<;. Actually,    nf    »ho 

crystals, exposed 20 min in the atmosphere with the partial 

prngsnrf»   of   » ho   di->viHr>   nf   rMnrinp      pgilfll    tO   1    tOXC—H IIIP   nf    tb* 

 yrm.cAg.-UsJ  
rotation of  theVgrowinq at  linear fo speed wmlH yu is reduced to 12 n i n 
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M±tk  230° C ffor th3 untren ?d crystals this time is equal to 10 Din). 

J^O^ ?5fi. 

Thus, it is established that the process of nucleation daring theriral 

Al 
dscoapositionYNH^Clö* is connected with the course of the reaction of 

the flissogntipn P£ salt amd subsequent secondary -eactions.    in jhs 

•AXflJuajQa &S . one\e \ 
process of an  cascassg  rr>  the yml.ryns occur the secondary  reactions  of 

tie  interaction  of solid salt with  those which  are being  re«iener*tin.i 

»%L   _. 

in the cours? of  process by oxidizars      DissociatiohyNH^ClO*  does not 

pUyrth.is ci se -of significant role. 

The process of nucleation can be presented in the following form. 

Thermal dissociation iurinj the decomposition of salt occurs both on— 

external and on internal surfacp.  The latter can be forced by th 

P0C3S. which are hollow dislocation cores« .which, emerge on sucfac?. 

.Q*- thjL. $»-rJt\\ßv  
During the diffusion TU in  the  pores c£ amroonia and 

•PJ?r?b.JprAc acyi tp Q^Qrnal crystal Mtt-mhvF-y occurs .the icon'ilfl»ion 

of  the exc»ss of P3rchloric acid  as a  result of   its  ****** diffusion 
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o 
rat*r    whirh    loidyt-o   thf>    inifriitiin   nf   tho   prnrogg   of   dproiipAg i fr i on. 

JucLeation ««#feh thermolysis!NH4Cl04  begins under surface [2%   sine 

\4cr «VC.C u. ro ti Vtf t«tiji^ 
kaXfl   iir*»   «r>re   favirahlo   M>^n==t^ff»r-i-1 jflfebftf <?ond i » i nnwVnf"""p»rrh 1 orS r» 

—I 

1 

acid.     The separation efficiency of the components of gaseous  mixture 

flpppiHsr  pjjtac ciMLtiaLg frying etgaaJU  an fho friajafelar of p"^. 

Consequently,   the important  role  in  the course of nucleation  tefeaaj   must 

play   dislocations  with   the  determined   valiig and   thfi   nriontation   o* 

Burgers1s  vector.    To  investigation of  the role of dislocations  *i ta 
P-tiVft 

theiaolyf?i>Vf^4ClQ< T^^yinhrrhr>i irinrigCTPFriSI. However,«- unt.i 1 

yjhr. ^tt^toftji  
noitfYTanains  UiU   *himh mn-not •:—vf solved yaasJ imiy why  in the  process of 

aiifilaaliftD La isJüJLa nniy aae Uixmaaaih of ULS digiorgtion^r akich axa 

present  in  the initial crystal.     Probably this  is caused  by  the 

favnrahlP   st*roor h*mi ca 1    arrangompnt   f>f   * i sJUOCd U or>R
f   an* logon«:   vi »b 

—tx>^'* ^ 
that    aA-*te±s=vas revealed by Thooas for  the carbonat«of calcium M6]. 

Fir    frhP   arpl^nafinn    of    fho   rolp   of   ^iglnp^inn^   »nrptKor    jith 

Thomas and Williams we studied the dislocation structure of ammoniuir 

pprchlorat-^.       Tntr P^tf i ga f1 on s   uoro   r^nHnrtoH   hy    the*   aafhril    nf    nptiral 

ox thTTT microscopy  ^»4~4VY—th»   a$11 i 8afci-an—u-r-S*ui  interferential  contrast.      ft 

/• 



nCdMPTCMMmWJMiiMIMIBMHBMMi 

09-14-74 PAGE 

was establish^ that in the process of tho still imat inn of salt wost 

active are -A 
SCCAUA. 

's  lislacations,   which can serve as indication of 

their important role in the process of nnrleation 
• 
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